Abstract. Evaluating students" performance only from overall examination marks does not give accurate evidence of their achievement on a particular subject. For a more detailed analysis, an instrument called Rasch Measurement Model (Rasch Model), widely used in education research, may be applied. Using the analysis map, the level of each student"s ability and the level of the questions difficulty can be measured. This paper describes how the Rasch Model is used to evaluate students" achivement and performance in Vector, one subject taken by students enrolled in the Physical Science Program at the Centre for Foundation Studies in Science, University of Malaya. Usually, students" understanding of the subject and performance are assessed and examined at the end of the semester in the final examination, apart from continuous assessment done throughout the course. In order to evaluate the individual achievement and get a better and accurate evidence on the performance, 28 male and 28 female students" marks were taken randomly from the final examination results and analysed using the Rasch Model. Observation made from the map showed that more than half of the questions were categorized as difficult while the two most difficult questions could be answered correctly by 33.9% of the students. Results showed that the students performed very well and their achievement was above expectation. About 27% of the sudents could be considered as having very high ability in answering all the questions, with one student being able to answer well, obtaining perfect score. However, two students were found to be misfits since they were able to answer difficult questions but gave poor response to easy ones.
INTRODUCTION
This paper examines the performance in the end of semester examination of Physical Science students of a foundation program in one of their first semester subjects. The practice of the centre running this particular program has always been to focus on total marks in assessing student performance. However, looking at the end of semester examination marks alone does not give accurate evidence of achievement in a subject. The Rasch model is an alternative measurement which provides room for analysing data based on different levels of student ability and question difficulty, offering a new paradigm to evaluate student achievement.
METHODOLOGY
End of semester examination marks of 56 first semester students (Male = 28, Female = 28) from the Physical Science Program, Centre for Foundation Studies, University of Malaya, taking the compulsory subject coded FJAF0111 (Vector) were considered for this study. The examination paper consisted of fourteen questions: eight questions from section A and six questions from section B. Part A questions were compulsory. For Part B, students were required to answer only five. Each question in Part A was worth five marks and each in part B was worth 12 marks. The questions included two levels of Bloom"s taxonomy -knowledge and application. Table 1 shows the distribution of questions based on Bloom"s Taxonomy.
For analysis, marks were transformed to numeric Grade Rating by cluster as follows : >70 = 5, else > 60 = 4, else > 50 = 3, else > 40 = 2 else 1. In theory, the Rasch Model incorporates an algorithm that expresses the probabilistic expectations of item "i' and person "n" performance [6] , mathematically expressed as where:
is the probability of person n scoring a correct response (x = 1) on item i; given the person"s ability,  n , and item difficulty,  i .
This can be further simplified by introducing logarithm to the expression, thus reducing it to
The probability of person n answering item i correctly can be described as the difference between the level of his ability and the difficulty level of the item. 
RESULTS AND DISCUSSION
The overview of student achievement on the final examination can be seen in Figure 1 . The person-item map depicts the location of each student according to his ability on the left and the difficulty level of the questions on the right, with the top position as the highest level for both ability and difficulty. In addition, the possibility of a person"s ability to answer a question correctly is shown by the separation of the item against the person"s location on the map. The further the separation, the more likely he is to respond correctly to the item.
The difficulty level of the questions can be measured by the spread of the item on the scale. A location above the item mean (Mean item = 0.00) indicates a more difficult question compared to an item below the mean. Figure 1 shows that more than half of the questions were difficult for students to answer, with questions B10 (b) and B9 (a) being the most difficult. On the other extreme, question A5 was the easiest with almost everyone getting full marks. Although question B10 (b) and B9 (a) were the most difficult, about 33.9% of the students still managed to answer them correctly. In addition, students generally did satisfactorily on questions A1, A2, B9 (bii), A3 (b), A7 B9 (bi), A3 (c) and A5, though they might not get full marks for some. One interesting observation from the PersonItem Distribution Map concerns question A5. This question is way below others and may be considered a bonus. Figure 1 also shows that the Student mean value, Mean person = 0.95 is higher than Mean item = 0.00, indicating that student achievement was higher than expected. Almost all the students were found above the Mean item (N = 56, 98%) and they were able to answer the final examination questions reasonably well. Only one student was found below the Mean item; this student managed to answer only questions A1, A2, A3(b), A3(c), A5, A7, B9(ii) and B9(iii) satisfactorily. Fifteen students (27%) had very high ability to answer all questions: student F593 scored the highest with a logit of 3.19. Table 2 shows the summary statistics for person and item category. A value of 0.67 for the Cronbach-α is greater than the acceptable level of 0.6, indicating that the instrument was sufficient in assessing student achievement. Additionally, based on the Rating Scale Instrument Quality Criteria [7] , 0.67 falls exactly within the range of 0.67-0.80. The quality criteria suggest that student achievement for this subject is "Fair". The Person reliability of 0.55 is considered moderate, implying the possibility of further analysis. The Person Separation level at 1.10 indicates that the sample of 56 students may be divided into two groups of "Excellent" and "Moderate" based on their achievement.
TABLE (3). The Summary Statistics Of Measured Items
The summary of all 21 final examination questions is shown in Table 3 . The reliability measure of 0.90 falls in the "Good" category, indicating that the number of items is sufficient to provide an excellent spread of difficulty range, as can be seen from relevant statistics. The table shows the mean square root of the score analyses. Positive values indicate that student performance based on difficulty of the questions was acceptable.
Student achivement for each question can be derived from the Person Measure Order in Table 4 . Only one student (F593) scored perfectly. This student was able to answer well all questions as can be seen from Table 5 . However, according to Table 4 , two students (F660 and F647) were found to be misfits: they were able to answer difficult questions well but did poorly on easy ones. From the scalogram shown in Table 5 , student F660 responded poorly on question A3(a) (Column 3 in data entry) while student F647 on question 10(a) (Column 15 in data entry), two easy questions. They could have misunderstood the questions or made careless mistakes. 
CONCLUSION
Overall, the Rasch model analysis shows a very high average of student achievement for the end of semester examination for the subject under consideration. However, only two levels of Bloom's Taxonomy were examined. Probably with inclusion of other levels, the end of semester paper could better measure student achievement.
